We measured pictogram naming (PN) and text reading in dyslexic and normally reading young teenagers. Eye movements were monitored by scanning laser ophthalmoscope, revealing positions of fovea, stimuli on the retina, and speech simultaneously. While text reading speed showed the expected difference between groups, PN speeds overlapped widely. PN was mainly controlled by retrieval time in both groups and correlated with age in dyslexics. During PN, only backward saccades occurred more frequently in dyslexics. We conclude that PN activates visual/eidetic mechanisms that are distinct from the phonemic/analytic pathway necessary for reading. This dual organization leads to a wide range of combinations of performances in PN and text reading. Ó
Introduction
Developmental dyslexia is a disorder that impairs learning to read and write despite normal intelligence, sufficient education and in the absence of major neurological disease (WHO, 1996) .
It has been shown that dyslexics perform shorter saccades in either direction and more backward saccades during reading text than normally reading children (Griffin, Walton, & Ives, 1974 ; Hy€ o on€ a a & Olson, 1994; Lesevre, 1966; Pavlidis, 1983; Rayner, 1983; Rubino & Minden, 1973) . Whether this pathological eye movement pattern can be interpreted as causal or secondary, is still controversial (Biscaldi, Fischer, & Aiple, 1994;  Hy€ o on€ a a & Olson, 1994; Morris & Rayner, 1991; Olson, Conners, & Rack, 1991; Pavlidis, 1981 Pavlidis, , 1986 Stanley, 1994) . If we assume a primary eye movement disorder, we would expect similar eye movements in a visual task that does not require decoding of graphemes to phonemes, such as pictogram naming (PN).
To the best of our knowledge, no eye movement recordings have been performed during PN, as previous studies measured the percentage of correctly named pictograms and/or naming latencies (e.g. Fawcett & Nicolson, 1994; Korhonen, 1995; Snowling, van Wagtendonk, & Stafford, 1988; Swan & Goswami, 1997a,b; Wolff, Michel, & Ovrut, 1990; Wolf & Obr e egon, 1992) . Hence, it was one goal of the present study to examine eye movement patterns in dyslexics and normal controls during PN.
Some of these studies have also shown that PN is a good predicator of later reading problems (e.g. Ferguson, 1975) . In addition, Fawcett and Nicolson (1994) and Korhonen (1995) have found that these naming deficits can persist up to the age of 18. This finding was in conflict with some of our own pilot data on young teenagers, so that a systematic study on children of that age group became a further goal of this study.
In pursuit of these goals, we used a scanning laser ophthalmoscope (SLO) on children between the ages of 11 and 15. This method has the advantage that it allows direct observation and measurement of the fovea position relative to the stimuli, which are simultaneously visible at the fundus image. A further advantage is the fact that the SLO establishes this unequivocal spatial relation without calibration. Vision Research 42 (2002) [789] [790] [791] [792] [793] [794] [795] [796] [797] [798] [799] www.elsevier.com/locate/visres
One of the most accepted hypotheses regarding the etiology of dyslexia is a deficit in language processing. Many reports provide evidence for pathologic phonological processing, the decoding from graphemes to phonemes, due to deficits in phonological awareness and/or phonological representation (Bradley & Bryant, 1978; Frith, 1986; Schulte-K€ o orne, Deimel, Bartling, & Remschmidt, 1999; Swan & Goswami, 1997a,b; Wagner & Torgesen, 1987; Warnke, 1999; Wimmer, 1993) .
Some studies (Snowling et al., 1988; Swan & Goswami, 1997a) have provided evidence that the deficits were based on selective difficulties in retrieving the phonological codes of the words which correspond to the pictograms, which can be based on deficits in encoding as well as processing.
As the SLO-technique additionally allows recording speech simultaneously with the fundus image, it enabled us to measure the retrieval time (r.t.) from the fovea landing on the pictogram until the beginning of the articulation. This allowed us to perform a detailed analysis of r.t.s, which could be clearly separated from the articulation times (a.t.s), as well as scanning strategies during PN in order to gain information about processing of non-phonematic stimuli.
The overall purpose of this study was to investigate whether there is a dissociation between text reading and PN, when we examine the eye movements and the scanning strategies during naming pictograms sequentially (grouped in paragraphs, similar to lines of text) compared with performance during reading text. We were especially interested in the question whether irregular eye movement patterns can be observed during PN and whether they or the naming latencies indicate that text and pictograms may be processed differently.
Preliminary results of this study have been reported before Trauzettel-Klosinski, Reinhard, MacKeben, D€ u urrw€ a achter, & Klosinski, 1999 .
Methods

Subjects
Fourteen dyslexics (mean age: 13:14 AE 1:54, 4 females, 10 males) and 12 normally reading children (mean age: 13:19 AE 1:46, 8 females, 4 males) were investigated in this study. All subjects were native speakers of German. The diagnosis of dyslexia was based on the criteria defined by ICD10 (WHO, 1996) , i.e. that the results of standardized reading and writing tests are at least two standard deviations below the level to be expected based on the age and IQ of the child.
Inclusion criteria were: age 11-15 years, normal ophthalmologic, neuro-ophthalmologic and orthoptic status, at least average intelligence and no additional deficits. On the basis of these criteria, 10 children with problems in any of these fields were excluded from the study.
In all the children of this cohort, a severe dyslexia was diagnosed at the age of 8-9 years, so that they all had received individual treatment. But even after 1-3 years of training, a severe dyslexia remained, so that they still matched the above-mentioned definition.
The higher number of boys in the dyslexic group is due to the higher frequency of the disease in the male population. More volunteer girls caused the higher proportion of females in the control group that we could recruit for this study. This unequal distribution, however, is negligible for the questions of our study, because there is no evidence that the kind or severity of dyslexia differs between males and females (see also Eden, Stein, Wood, & Wood, 1994) .
The research was undertaken with the understanding and consent of the subjects and their parents and followed the tenets of the Declaration of Helsinki.
Instrumentation
A SLO (Rodenstock, model 101) was used to image the retina and the stimuli simultaneously. The stimuli (texts and pictograms) were scanned directly onto the fundus by the laser beam which was modulated by an acousto-optic modulator. The method allows determining the position of the fovea in relation to the stimulus with a spatial resolution of 3 0 without calibration. Head movements do not generally influence the recording. Only large amplitude turns of the head reduce the illumination of the fundus, which happened rarely (see Section 2.5 below). The movements of the fovea in relation to the stimulus were recorded on video tape (50 video fields per second) together with vertical interval time code and were analyzed off-line by a semi-automated computer program.
Stimuli
Pictograms
The stimuli were 42 pictograms in groups of 3-5 that were arranged in a paragraph of 4 lines (mean line length 24.1°; see Fig. 1 ). This spatial arrangement was chosen to compare PN performance to that of reading a paragraph of text with comparable line length. The height of the pictograms was 1.36°of visual angle, the width ranged from 0.5°to 2.9°.
The stimuli were presented in black on a red background of 3:6 Â 104 trolands (Michelson contrast: 0.986). Although they showed different degrees of complexity, they were common and all depicted objects were familiar to the children, which minimized the chance for significant ''frequency effects'' (Schilling, Rayner, & Chumbley, 1998) . The pictograms were read aloud and the voice was recorded on the sound track of the video tape.
Text
All children read three paragraphs of text aloud (8 or 9 lines, mean line length 18.1°), which was scanned directly onto the fundus by the SLO. Text reading speed in words per minute (WPM) was averaged over all three paragraphs. The texts were in German and their degree of difficulty was equivalent to fifth grade level.
Capital letter height was 0.6°, an n-space was 0.27°w ide, which was equivalent to 1.2 times newspaper print at a distance of 25 cm. This standard line length and letter size was used in all but three normals and one dyslexic, who read texts with larger letter size. As preliminary experiments had shown that normals read the smaller texts more slowly than larger texts (with a constant speed ratio of 1:0.84), text reading speed for the three normals were calculated based on this ratio. As no constant ratio was found for the dyslexics, the value for text reading speed of the one dyslexic child, who did not read the standard text size, was not included in this study.
Even though one pictogram was bigger than one letter, the requirement for resolution was comparable, because the pictograms contained more detail and could not be further reduced due to the SLO-technique without smudging.
Procedure
The subjects looked into the SLO monocularly with their dominant eye (determined by looking through a pinhole in a card without using the hands). The head was stabilized on a chin and forehead rest. The pupils were dilated in order to obtain optimal illumination and stimulus presentation of the entire SLO field (30°hori-zontal and 20°vertical). The subjects were instructed to name the pictograms one after the other and to read the texts aloud. We intentionally did not give any instructions regarding speed or accuracy, so that they were named and read at a speed spontaneously chosen by the subjects. The SLO-examination of pictograms and text reading took approximately 15 min with a short break in between. All experiments were performed at the University Eye Hospital T€ u ubingen.
Data analysis
By watching the video tape, the investigator simultaneously saw the stimuli on the subject's retina as well as the fovea position relative to the stimuli and its changes (eye movements), and heard the subject's voice. Directly from the tape, PN speed in pictograms/min was measured by the time between the fovea landing on the first pictogram and the completed articulation of the last pictogram.
For further quantitative analysis, we used three different procedures:
(1) Semi-automatic analysis of eye movements: For this purpose, we tracked the position of retinal landmarks (e.g. vessel branchings) on the video tape in a continuous sequence of 1500-8100 video fields (dependent on the speed) for each subject. The foveal coordinates were then derived from the coordinates of the landmarks and plotted as horizontal fovea position vs. time (x=t-plot). This eye movement trace was used to obtain an overview of the scanning strategy. The following parameters were analyzed: number of forward and backward saccades per line, and additional saccades during the return sweep to the beginning of the next line. The results presented below contain all eye movements of an amplitude of at least 0.16°(9.6 0 , i.e. more than half an n-space). (2) In order to evaluate the speech simultaneously with the fovea position, the video tape was digitized and stored on a hard disk by a frame grabber board. After digitalization of the video images, we determined (a) the time of landing of the fovea on each pictogram, (b) single pictogram recognition was split into the retrieval time (r.t., landing on the pictogram to beginning of speech, see Fig. 2), and (c) the articulation time (a.t.), which was determined by the duration of the speech for each pictogram. The audio track was displayed simultaneously with the video track and the coincidence between foveal movement and speech was measured (see Fig. 2 ). All durations were measured by the time code in the video fields and then converted into milliseconds.
(3) The times of fovea landings on pictograms (i.e. the beginning of the r.t.) were then displayed in the x=t-plots of the eye movement trace and the eye movements per pictogram were determined. Note that the observer of the video tape could determine the fovea position on the pictogram directly. However, when changes in fovea position are recorded as eye movement trace, the spatial relationship between the fovea position and location of each pictogram to the fovea had to be reconstructed by superimposing a transparent foil with the pictograms on the x=t-plot (as shown in Fig. 6 ). This always confirmed the assignment of the pictograms observed on the tape.
The number of forward and backward saccades during naming one pictogram, i.e. during the time between the landing on one pictogram and landing on the next, were counted. This also allowed analyzing individual eye movement strategies used in naming pictograms.
The landing saccade on each pictogram was counted as the first saccade. Only in the four pictograms at the beginning of the lines, the landing saccade was not counted, because this was identical with the return sweep and was therefore neither an ordinary regression nor a forward landing saccade.
For the evaluation of all variables concerning PN, only the correctly named pictograms were used. The single pictogram evaluation could not be performed in one control and two dyslexic children due to insufficient quality of the speech recording, and in one dyslexic child due to poor SLO image quality (frequent large amplitude head turns affected the intensity of the reflected laser beam). In some cases, such dimming occurred for a few video frames, so that not all of the 42 pictograms could be evaluated in all the children (minimum ¼ 33).
The detailed analysis of the eye movements during reading was performed for only one paragraph (always the same), because it required determining the position of the fovea in each video field (50 fields per second) in a semi-automated procedure, i.e. 1500-8100 consecutive fields (depending on the reading speed) in each child.
Statistics
Since most variables failed tests for normal distribution (Shapiro-Wilk test as well as kurtosis and skewness), we used non-parametric methods, i.e. medians instead of means, the inter-quartile range (IQR) as a measure of variability, and the Wilcoxon-Mann-Whitney (WMW) U test for calculation of differences between groups. For investigation of correlations between variables, we used the Spearman rank correlation coefficient (q) and q 2 as an analog of the coefficient of determination (r 2 ). All statistical analyses were performed on a microcomputer using the StatView 4.5 (SAS) statistics software.
Results
Total pictogram naming speed
The dyslexics named pictograms at a median rate of 40.0 pictograms per minute (PPM, 11.75 IQR), while the median rate in the control group was 49.0 PPM (15.25 IQR). This difference showed a marginal degree of significance (p < 0:044) (Table 1) . However, there was a wide range of overlap between the two groups: there were dyslexics who were slower than the controls, but others who were as fast as the controls.
The accuracy, with which pictograms were named, was high and approximately the same in both groups: in the dyslexic group (D), 97.7% of the pictograms were read correctly, and in the control group (C) 98.6%.
In contrast to the PN speeds, we found the expected difference in the reading speeds for text (D: 53.0 WPM, WPM; 32.0 IQR; C: 135.0 WPM, 31.5 IQR, p < 0:0001). Fig. 3 illustrates the individual naming and reading speeds for pictograms vs. text, respectively. It is obvious that there is no overlap of text reading speeds, but a marked overlap of the PN speeds. Fig. 4 shows the eye movement traces (x=t-plots) of two dyslexics (D1, D2) and one control child (C1) during reading one line of text (left) and during naming one line of pictograms (right). During text reading, the dyslexic child takes much more time to get through the line (21 vs. 2.6 s) and makes many more forward (25 vs. 7) and backward saccades (11 vs. 1) compared to the control. During PN, the dyslexic child D1 names a line of pictograms with a speed comparable with the nor- mally reading child (duration: 12.4 vs. 15.2 s), and both make approximately the same number of eye movements. The dyslexic child D2 is a slow pictogram namer, requires about twice the time (25 s) and accumulates more forward and backward saccades.
PN speed showed a moderate correlation with text reading speed in both groups (D: q ¼ 0:389; C: q ¼ 0:411). The median ratio of text reading speed to PN speed was 1.15 (0.81 IQR) for the dyslexics and 2.84 (0.53 IQR) in the control group. The individual ratios of reading/naming speeds (R=N ) were different depending on the group: In the dyslexic group, R=N ranged from 0.57 to 2.11, while in the in control group it varied from 2.12 to 3.88. This shows that the change from text to pictograms slowed all the normally reading children down considerably. On the other hand, the R=N ratios in the dyslexics show that the change from reading text to naming pictograms made the task easier for some of the dyslexics, but not for all.
PN speed showed a moderate correlation with age in the normal subjects (q ¼ 0:6), but a strong correlation in the dyslexics (q ¼ 0:889). Text reading speed, on the other hand, showed only moderate correlation in both groups, which was stronger in the control group (D: q ¼ 0:441; C: q ¼ 0:572). Fig. 5 shows the results of the dyslexic group.
Single pictogram naming latencies
The median r.t. showed no statistically significant difference between the groups (D: 1440 ms, 250 IQR; C: 1400 ms, 410 IQR). The correlation between pictogram r.t. and naming speed was high in both groups (D: q ¼ 0:711; C: q ¼ 0:716). To investigate the contribution made by the r.t. to PN speed, we calculated q 2 and found it to be moderate for both groups (D: q 2 ¼ 0:505; C: q 2 ¼ 0:512). This means that about 50% of the differences in naming speeds in both groups are accounted for by their r.t.s.
The median a.t.s showed no statistically significant difference between the groups (D: 640 ms, 105 IQR; C: 600 ms, 55.0 IQR). The correlation between a.t. and PN speed was moderate in both groups, slightly stronger in the dyslexics (D: q ¼ À0:581; C: q ¼ À0:418). To investigate the influence of a.t.s on PN speeds, we calculated q 2 , which showed differences between the groups, whereas the influence was moderate in the dyslexics (q 2 ¼ 0:337), it was rather weak in the control group (q 2 ¼ 0:174). For text reading, all dyslexics were slower than the controls, without any overlap between the two groups. For PN, there were dyslexic children with slow naming speeds, but others, who were as fast as the normals, with a wide overlap between the groups. It is also evident that very slow text readers can be fast pictogram namers. 
Eye movements during pictogram naming
Eye movements per line
The median number of forward saccades per line of pictograms made by the dyslexics was 17.8 (3.75 IQR), while it was 16.0 (2.81 IQR) for the control group, which was statistically not significant. The difference between the numbers of backward saccades was significant (p < 0:005), with the medians 7.13 (2.5 IQR) for the dyslexics and 4.66 (1.38 IQR) for the controls. However, there was a marked overlap between the groups.
The correlation between PN speed and all forward saccades per line was q ¼ À0:246 in the dyslexics and q ¼ À0:622 in the controls. The correlation between PN speed and backward saccades per line was q ¼ À0:590 in the dyslexics and q ¼ À0:573 in the controls. The slow dyslexic pictogram namers showed the highest number of backward saccades per line.
The return sweep from the end of one line to the beginning of the next was sometimes divided into more than one large regressive saccade. The numbers of the additional saccades during the return sweep was 1.5 (1.0 IQR) in the dyslexics and 1.67 (0.75 IQR) in the controls, which was statistically not significant. Thus, the dyslexics showed the same accuracy in finding the beginning of the next line of pictograms as the controls. Fig. 4 . Eye movements (x=t-plots) of two dyslexics (D1, D2) and one control (C1) during reading one line of text (left) and naming one line of pictograms (right). During text reading the control child (C1) needs 2.6 s and a few forward saccades. The dyslexic child (D2) needs about eight times longer to come through the line and makes numerous forward and backward saccades. During PN, the identical children show nearly no difference in number of eye movements and speed (the dyslexic is even a bit faster). D1 is an example of a fast pictogram namer of the dyslexic group, whereas D2 is an example of a slow dyslexic pictogram namer, needing approximately twice the time and many more forward and backward saccades to name one line of pictograms. Fig. 5 . PN speed and text reading speed depending on age in the dyslexic children. PN speed is highly dependent on age (q ¼ 0:889), text reading speed shows only a moderate correlation (q ¼ 0:441).
Eye movements per single pictogram
When eye movements were related to individual pictograms, there was no difference between groups in the number of forward saccades (D: 1.86, 0.45 IQR; C: 1.73, 0.39 IQR), but a significant difference in the number of backward saccades (D: 0.81, 0.26 IQR; C: 0.25, 0.14 IQR, p ¼ 0:0086). On the other hand, the distributions of numbers of backward saccades per pictogram for controls and dyslexics overlapped widely.
Two conspicuous gaze strategies were found associated with lower PN speeds:
(A) saccades back and forth within the same pictogram (Fig. 6, left) , (B) saccades between the current and a subsequent or previous pictogram (Fig. 6, right ). Fig. 6 shows the eye movement traces (x=t-plots) during naming pictograms of two slow dyslexic pictogram namers. Beside the trace, the corresponding r.t. and a.t. of the pictograms are displayed. Note that the evaluation of the digitized video tape allows the simultaneous and precise assessment of the fovea position on the pictogram and the duration of the sound on the audio track in each video field (compare Fig. 2) . In order to show the fovea position in relation to the pictogram in a non-moving medium as this manuscript, and for quantitative evaluation of number of eye movements per pictogram, the eye movement trace was displayed and superimposed on the fovea positions and related to the r.t.s and a.t.s.
The left part of Fig. 6 shows the eye movement trace of a child, who makes several saccades inside each pictogram during naming it (watering can and guitar). It is also clear that, during articulation of the preceding pictogram, the eye already moves to the next one.
On the right side of Fig. 6 , the trace shows first the r.t. of the first pictogram (rooster) with the same strategy (i.e. saccades within the item). Then the child changes to the strategy to look back and forth between two pictograms (rooster and airplane), before having retrieved the first one. In addition, he also goes back to the preceding, Left: Strategy ''many eye movements within a single pictogram'' during retrieval of can and guitar. Right: During the first part of the r.t. of rooster this child uses the same strategy as the left one (''within''), then it changes to the strategy ''eye movements between pictograms'' (rooster, airplane), before having retrieved the first one. And again, after having articulated rooster, he goes back to rooster twice during the r.t. of airplane. Note that with beginning of the a.t. of the preceding pictogram, the fovea moves to the next one. already named one (rooster), while retrieving the next one-obviously an inefficient and time consuming strategy.
Discussion
The central finding of this study is the fact that the ranges of PN speed between dyslexics and controls overlap widely. This means that some dyslexics could be just as fast in naming pictograms as normally reading children. This is in agreement with related findings by Wolff et al. (1990) , but differs from the ones of other previous studies (Fawcett & Nicolson, 1994; Goswami, Schneider, & Scheurich, 1999; Korhonen, 1995; Swan & Goswami, 1997a ). These differences could, in part, be explained by the younger age groups (Swan & Goswami, 1997a ). Our dyslexics' naming speed showed a strong correlation with age. Persisting naming deficits found in adolescents by Fawcett and Nicolson (1994) and Korhonen (1995) could be either due to different subject selection, assuming that only one subgroup of dyslexics improves and the others do not. In looking for major influences on PN speed, we found that the most important factor was the ''r.t.'' (the time from fovea landing to beginning of speech) for dyslexics and controls alike. Whether this time is dominated by retrieving a phonological code (Swan & Goswami, 1997a,b; Wolf & Obr e egon, 1992) or a logographic icon from visual memory cannot be decided unequivocally on the basis of the current data. However, it should be noted that, if all dyslexics had a severe difficulty in retrieving the phonological code corresponding to the pictograms, it would be unlikely to find fast PN in some dyslexics that we report here.
The a.t. was less influential than the r.t. and slightly more important in the dyslexics, indicated by their higher correlation coefficient with naming speed. This may be related to the diminished awareness of articulators in dyslexics found by Heilman, Voeller, and Alexander (1996) .
Regarding eye movements during naming pictograms, we found no significant difference in the number of forward saccades per line or per pictogram between dyslexics and controls. On the other hand, the dyslexics made more backward saccades (per line and per pictogram), but there was a wide overlap between the groups. The role of eye movements in the genesis and phenomenology of dyslexia has been controversial for a long time (Pavlidis, 1986 (Pavlidis, , 1991 Biscaldi et al., 1992 but also Eden et al., 1994; Morris & Rayner, 1991; Olson et al., 1991; Rayner, 1985) . A parallel study (MacKeben, Trauzettel-Klosinski, Reinhard, D€ u urrw€ a achter, & Klosinski, submitted for publication) found increased frequencies of eye movements in either direction while reading single words in many of the same children, which confirmed earlier findings (Pavlidis, 1983; Rubino & Minden, 1973) . The fact that such increase is found only for backward saccades here and that there was a wide overlap between the groups, indicates that the chance of a primary oculomotor deficit in these children is unlikely. This is further supported by the normal return sweeps to the next line found in this study as well as by the pretests for the parallel study, in which monocular fixation stability and accuracy of 5°saccades were tested and found to be equal with those of the control group. Also binocular fixation stability was reported normal by Lennerstrand, Ygge, and Rydberg (1994) . The increased number of backward saccades in the slow pictogram namers could be a reflection of an uncertainty in recognizing the pictogram (compare Fig. 6 left, strategy ''many eye movements within one pictogram'').
The differences between text reading and PN reported here allow hypothesizing a two-component model of dyslexia: one manifestation could be brought about by a deficit of the analytic-phonemic process, which is involved in alphabetic reading (Bradley & Bryant, 1978; Schulte-K€ o orne et al., 1999; Wagner & Torgesen, 1987; Warnke, Remschmidt, & Hennighausen, 1994) . In fMRI and PET studies, the main differences between normals and dyslexics were found in tasks with increased phonological demand (Rumsey et al., 1997; Shaywitz, Shaywitz, & Pugh, 1998) . Recent magneto-encephalographic (MEG) studies in adults have demonstrated that the left inferior occipital region plays a special role in the neurological processing of letter strings, and that the earliest cortical activation related to letter strings is abnormal in dyslexics . This component alone would be sufficient to explain the text reading difficulties experienced by our subjects.
Moreover, some dyslexics seem to suffer from an additional deficit that affects the eidetic (''Gestalt'') analysis of visual features. It has been reported for single word reading that well-known words can be processed in an eidetic way without activating the analyticphonetic process, i.e. when the word is in the child's ''sight vocabulary'' (Boder, 1973; Chiarenza, Coati, & Cucci, 1994 ). In the current study we used a different paradigm, continuous text vs. pictograms to examine letter-vs. non-letter-mediated information processing.
The current data support the view that the eidetic component for PN might be affected in varying degrees, so that different levels of performance may result (see Fig. 3 , also Eden et al., 1994; Shaywitz, Escobar, Shaywitz, Fletcher, & Makuch, 1992) . This view is also in agreement with the concept of a ''double deficit'', as postulated by Wolf and Bowers (1999) . This could be the reason for the effects reported here, where a slow text reader could well be a fast pictogram namer (see Fig. 3 ). On the other hand, these findings do not agree with the phonological interpretation of the results of a related study by Swan and Goswami (1997a) , which might be due to the fact that their deficits were found mostly in connection with pictures associated with long and lowfrequency words.
We conclude that slow pictogram namers in our study may have had an additional deficit in the eidetic analysis of visual features. The question whether this deficit can be connected with the well documented deficits of the magnocellular input to the visual system (Best & Demb, 1999; Borsting et al., 1996; Cornelissen, Hansen, Hutton, Evangelinou, & Stein, 1998; Demb, Boynton, Best, & Heeger, 1998; Fischer, Hartnegg, & Mokler, 2000; Livingstone, Rosen, Drislane, & Galaburda, 1991; Lovegrove, Martin, & Slaghuis, 1986; Stein, 1994; Stein & Walsh, 1997) , which again is linked with transient visual attention (Steinman, Steinman, & Lehmkuhle, 1997; Steinman, Steinman, & Garzia, 1998) and the latter with the control of scanning eye movements (Breitmeyer & Ganz, 1976; Fischer, 1987; MacKeben & Nakayama, 1993) , cannot be decided on the basis of the present results.
However, the latter deficits-if present in all dyslexics-could not explain the divergence between reading and naming in our fast dyslexic pictogram namers. We conclude that magnocellular and, thus, transient attentional deficits may only exist in a subgroup of dyslexics, which is in agreement with conclusions from previous studies (Cornelissen et al., 1998; Stein & Walsh, 1997) .
Any assumption as to whether the reported performance patterns might correspond with previously described sub-types of dyslexia (primary impairment of language processing or of visuo-spatial processing) can only be speculative because of the differences in experimental paradigms ðfor overviews, see Njiokiktjien (1994) ; Stark, Giveen, and Terdiman (1991) Þ.
The fact that we found no correlation of PN speed with text reading speed indicates that text and pictograms are processed in different and independent pathways.
This hypothesis is supported by the results of MEG studies showing that visual feature analysis was normal in dyslexics, whereas the earliest cortical activation related to letter strings was abnormal Tarkiainen et al., 1999) .
Our hypothesis that pictograms may be processed in an eidetic Gestalt-like way and that this process is separate from the phonological pathway, is further supported by studies on reading Chinese (ideographic script) and different types of Japanese scripts (Kanji: logographic, Kana: phonetic). For instance, Rozin, Poritsky, and Sotsky (1971) reported that American dyslexic children could easily learn to read English represented by Chinese characters. Furthermore, several reports in the literature deal with reading disorders caused by brain lesions, which led to a selective reading deficit of either phonetic or a pictographic script in patients who had a good command of both before (Jibiki & Yamaguchi, 1993; Kawamura, Hirayama, Hasegawa, Takahashi, & Yamaura, 1987; Sugishita, Otomo, Kabe, & Yunoki, 1992) . A psychophysical study of Japanese text processing demonstrated that Kanji and Kana are processed differently (Osaka, 1992) .
In summary, the existing literature lends strong support to our finding that PN is performed by the activation of a visual/eidetic mechanism that is distinct from the phonemic/analytic pathway. This dissociative organization allows independent processing, which can lead to a wide range of combinations of deficits in both, PN and text reading.
